Semen from four Holstein bulls was evaluated to compare effects of four extender treatments on postthaw semen quality. Extender fractions A and B, either heated whole milk or 20% egg yolkcitrate, were combined to yield the extender treatments 1) milk and milk, 2) milk and egg yolk-citrate, 3) egg yolkcitrate and milk, and 4) egg yolk-citrate and egg yolk-citrate. Semen was evaluated at thawing and after 30, 60, 120, and 180 min of incubation at 38.5-C. How cytometry showed that acridine orange-stained sperm were most suscep tible to in situ DNA denaturation when fraction A was milk. For sperm stained with rhodamine 123, flow cytometry showed that the proportion with intact mitochondrial membrane potential was lowest of all treatments at thawing but greatest at 180-min incubation with milk and milk extender. Flow cytometty of propidium iodine-stained sperm showed greatest proportion of cell membrane intact sperm when fraction A was egg yolk-citrate. Light microscopy showed the lowest proportion of cell membrane intact sperm with milk and milk extender after eosin-aniline blue vital staining. Postthaw motility scores tended to be reduced when both extender fractions were egg yolk-citrate. Results demonstrate differential extender effects on 
INTRODUCTION
Prior to processing and h z i n g semen for artificial insemination, sperm morphology and viability are evaluated to cull low quality samples. Postthaw viability is evaluated to assess resistance to cryopreservation damage. Although sperm morphology and viability traits are related to fertility (25, 26, 27) . little is known about how the quality of chromatin contained in the sperm nucleus affects fertility. During spermiogenesis, chromatin condensation results in sperm nuclear morphology char-acteristic of the species. Sperm head morphology is, on a gross organizational level, a reflection of chromatin structure that may be important to fertility. Misshapen bovine sperm heads from subfertile bulls have been reported to contain structurally abnormal chromatin (16, 22) , probably a result of abnormal chromatin condensation (16, 17) . The susceptibility of sperm nuclear DNA to denaturation is mversely related to chromatin organization, heerospermic fertility ranking, normal sperm morphology, and sperm viability (1, 2, 21) . It is likely that the quality of the genetic material contained in the sperm affects its ability to support normal embryonic development should fertilization occur.
Semen extenders function to protect the fertility of sperm and to increase the total volume of a sperm dose to a usable and practical size (12). Many semen extenders contain milk or egg yolk as primary ingredients because components in each protect sperm from cold shock (13, 23). Results of fertility trials have shown little difference between milk and egg yolkcitrate extenders when used separately or in combination for unfrozen semen (12) or for frozen-thawed semen (29). Differences have been noted between milk and egg yolk-citrate extended bull sperm in their ability to resist in situ denaturation of nuclear DNA (Karabinus and Evenson, unpublished) as measured by flow cytometry by the sperm chromatin structure assay [SCSA; (1, 2, 21) ]. These observations involved different bulls' semen, cryopresexved in one or the other extender. In light of the high negative relationship between measures of bull fertility and flow cytometric (FC) measures of sperm nuclear DNA resistance to denaturation (1, 2, Zl), the potential for differences between the extenders' effects on sperm chromatin quality appeared to warrant further investigation. The study described in this paper was designed and conducted as an initial investigation into postthaw viability and chromatin structure differences for bovine sperm cryopresexved in milk and egg yolk-citrate extenders.
MATERIALS AND METHODS

Semen Processing
Semen from one collection from each of four different bulls, owned by Eastern Artificial Insemination cooperative, hc., Ithaca, NY, was used in this split ejaculate study. A 2 x 2 factorial design with two extender components and two extender fractions yielded four extender treatments. After initial evaluation by Eastern Artiicial Insemination Cooperative personnel, semen from each bull was divided into four aliquots. Each aliquot was processed m one of the four extender treatments, frozen in .5-ml polyvinyl chloride straws, and stored in liquid nitrogen. Sperm concentration of all extended semen was 40 x 106 sperm/d.
Extender Treatments
Extender fraction A consisted of either whole milk or 20% (vol/vol) egg yolk in 2.9% (wt/vol) sodium citrate dihydrate (egg yolkcitrate). Milk was heated to 95'C for 10 min, then cooled to 20'C, filtered to remove skin, and held overnight at 5'C. Egg yolk-citrate was clarified by allowing it to stand overnight at 5'C in a 300-ml graduated cylinder and then decanting for use the upper 250 ml of the 300-ml total volume. Antibiotics were added to extender fraction A as per the Certified Semen Services requirements (6). Fixtender fraction A was rewarmed to 35'C prior to adding semen and then cooled at 5'C for a p proximately 2.5 h. Extender fraction B, either whole milk or egg yolk-citrate prepared as described, contained glycerol (14% vol/vol) and was cooled to 5'C. Fraction B was added 1:l (voVvol) in a dropwise fashion to semen diluted in extender fraction A. The two extender fractions factored with the two extender components yielded the following four extender treatments: 1) M-M = fractions A and B milk; 2) M-E = fraction A milk, fraction B egg yolk-citrate; 3) E-M = fraction A egg yokcitrate, fraction B milk; and 4) E-E = fractions A and B egg yolk-citrate. Extended semen was packaged in straws and frozen after 4 h of equilibration at 5'C.
Semen Handllng
Straws of semen were thawed 30 s in 37'C water immediately upon removal from liquid nitrogen and emptied into polyethylene microcentrifuge tubes. For analysis of sperm chromatin structure, three straws of thawed semen were pooled and then incubated in wa-ter at 38.5'C in closed 1.5-ml polyethylene microcentrifuge tubes. At time of thawing and at 30,60,120, and 180 min thereafter, 50 p.l of semen were pipetted into .25-ml polypropylene microcentrifuge tubes precooled on ice, placed in a -20°C freezer for approximately 4 h, and then stored at -95'C until FC evaluation.
For FC and light microscopic evaluation of sperm viability, three straws of semen were thawed, pooled, and incubated as described. At thawing and at 180 min of incubation, semen was sampled, and the viability assays were immediately performed.
Flow Cytometry
All FC measurements were performed using an Ortho Diagnostics System Cytofluorograf II spedml. Aqueous stock rhodamine 123 solution (1 mg/ml) was pipetted into the diluted semen to a final concentration of 10 pg of rhodamine 123/ml and then incubated 10 min at mom temperature. After 8 min of centrifugation at 300 x g, the Supernatant was discarded, and the pellet was resuspended with buffer.
Aqueous stock propidium iodide solution (1 mg/ml) was pipetted into this sperm suspension to a final concentration of 10 pg of propidium iodide/ml and incubated 10 min at room temperature; FC analysis was performed 3 min later. In each of two replicates, two consecutive FC analyses were performed on each coded semen sample, quantifying the red and green peak mode fluorescence emitted by each of 10, OOO sperm.
As shown in the example cytogram ( Figure   2A ), the total number of sperm evaluated in a sample was equal to those in region 1 but excluded region 4 (indicated by arrow), which enclosed debris. Figure 2B Eosin-aniline blue vital-stained smears were prepared from each semen sample using the procedure of Shaffer and Almquist (31) as described by Saacke (26) . In two replicates, 200 sperm were randomly observed at 4OOx magnification on each of a pair of coded slides prepared from a semen sample. The number of stained and unstained sperm were recorded. final magnification). A motility rating was then assigned to each sample: 5 = exceptional, 4 = superior, 3 = normal, 2 = conditional, and
Statistical Analysis
Data were analyzed by least squares procedures using the general linear models procedure of SAS (28). Main effects were bull, extender, time, and replicate. The extender effect, the time effect, and the replicate effect were tested using the interactions of bull with extender, bull with time, and bull with replicate as error terms. The residual was used to test all other effects. Means comparisons were performed using the general linear models "cmtrast" specification. Pearson productmoment correlations were calculated using the CORR procedure of SAS. Results are presented as least squares means (* SEM) unless otherwise stated.
RESULTS
Sperm Chromatin Structure
The results of analysis of variance for sperm evaluated by the SCSA are presented in Table 1 . The SCSA results for this study are summarized in Figure 3 . Elevated values for SCSA variables Vq, SDq, and %COMF'@ indicate increased susceptibility of nuclear DNA to denaturation. This corresponds to increased heterogeneity of sperm chromatin structure and is associated with reduced fertility (1, 2, 21).
At all sampling times, sperm in M-M extender had greater Xa, (P < .001) than sperm in the other extenders ( Figure 3A) . The Xq for sperm extended in B M versus E-E did not differ significantly at each sampling time. For sperm in M-E extender, Xa, values were not significantly different from those for E-M and E-E extenders at thawing and at 30 min of incubation. At 60 and 120 min of incubation, Xa, values for spenn in M-E extender exceeded those for E-M and E-E (P < .05). At 180 min of incubation, Xg for sperm extended in M-E remained greater than for E M (P < .05) but did not differ from EE.
The S D g for sperm in M-M extender did not differ significantly h m M-E extender at thawing; otherwise, it exceeded (P < Sperm extended in M-M had greater (P < .001) %COMPa, than those in the other extenders at each sampling time ( Figure 3C) . The %COMPa, for sperm in M-E extender were greater (P c .001) than those for E M and E E extender at each sampling t h e . Sperm in E-M versus E-E extender did not differ significantly for %COW% at any sampling time. At thawing, %Gf was greatest for E-E and E-M extenders and lowest for M-M extender (P < .05; Table 3 ). Conversely, %Rf at thawing was least for E-M and E-E extenders, intermediate for M-E extender, and greatest for M-M extender (P < .05). At 180 min of incubation, %Gf was greatest for M-M and least for M-E (P < .05) with similar, intermediate values for E M and E-E extenders. The %Rf was lowest for E-E extender and greatest for M-E extender (P < .05) at 180 min of incubation. For sperm in M-M and E M extenders, %Rf was similar and intermediate between those for E-E and M-E.
Percentage RG was greater at thawing for E M and E-E extenders than for M-M or M-E extenders (P < .05; Table 3 ). At 180 min of incubation, %RG was greatest for E-E extender, least for M-M extender (P < .05), and intermediate for M-E and E-M exrcnders.
Eosin-Aniline Blue Vltai Staining
Analysis of variance (Table 4) showed that the interaction of extender treatment with incubation time was not a significant source of variation. When data were pooled across incubation times, the proportion of unstained sperm (Le., those sperm that had intact cell membranes and were presumed viable) in E-E, E-M, and M-E extenders exceeded (P < .01) the proportion in M-M extender ( Table 5 ). The percentage of unstained spenn progressively increased with increased extender content of egg yolk-citrate.
Postthaw Motillty
Results of analysis of variance for postthaw motility evaluation are shown in Table 5 . Postthaw motility scores among the M-M, M-E, and E-M extender treatments did not differ (Table 6 ). The motility score for sperm in the E-E extender treatment differed only from that of sperm in the E M treatment (P c .05).
Correlations among the sperm viability traits are shown in Table 7 . For M-E, EM, and E-E treatments, the significant correlations of %Rf and %Gf with percentage of unstained cells at thawing were mostly unchanged by 180 min of incubation. However, those relationships for the M-M treatment became nonsignificant after 180 min of incubation. Results of motility evaluation were mostly unrelated to viability traits measured by rhodamine 123-propidium iodide and eosin-aniline blue staining.
DISCUSSION
The SCSA results show that extender containing milk as fraction A (M-M and M-E) had greater values for the SCSA variables than the other extenders. The Xq, S W , and %COMPq for M-M extender treatment were greater than for the other treatments at almost all sampling times (Figure 3) . The M-E treatment yielded SCSA results that were lower than M-M on all occasions except one but which tended to exceed those for E-E and E-M. This suggests that extenders having milk as fraction A or as both fractions stimulated debimental changes in sperm chromatin structure relative to extenders similarly composed of egg yokcitrate. The SCSA results for M-M extender treatment are consistent with other SCSA results far sperm incubated in milk extender (21) . Taka together, the results of the two studies appear to indicate that such changes may be characteristic of the behavior of the chromatin of milk extended bull sperm upon in vitro incubation at temperatures com- 
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However, it is not clear whether those changes resulted from events that would normally have occurred, persistent detrimental extender effects, effects of incubation on compromised chromatin, or a combination of those effects.
For freshly thawed semen, results of rhodamine 123-propidium iodide staining show the disadvantage to sperm cell membrane integrity and potential for mitochondrial function with M-M. Best immediate postthaw viability occurred when at least one extender fraction, particularly fraction A, was egg yok-citrate. Similarly, the eosin-aniline blue vital staining results show the advantage to cell membrane integrity of using egg yolk-citrate as at least one extender fraction. These results agree with the reports of others (14, 29, 30) that have shown sperm cryopreserved in egg yok-citrate to have an immediate postthaw viability advantage over those frozen in whole milk immediately postthaw. Conversely, the results of postthaw motility evaluation in the present study illustrate the similarities among effects of the extender treatments but indicate that sperm cryopreserved in extenders containing some milk may have had a motility advantage.
After 180 min of incubation, rhodamine 123-propidium iodide vital staining results showed that the cell membrane integrity advantage remained with extenders having egg yolk-citrate as one fraction, particularly fraction A. This is in agreement with reports of others (14, 30) that have shown egg yolkcitrate to be superior to milk for maintenance of viability during postthaw incubation. The benefit to cell membrane integrity of using egg yok-citrate as extender fraction A suggests (1, 2, 21) , no significant correlations resulted in the present study. It is notable, however, that at 180 min of incubation, sperm in M-M showed the greatest potential for sperm mitochondrial function (Table 3 ).
The correlations between results of cell membrane integrity evaluation (%Rf and percentage of unstained cells, Table 7 ) demonstrate that, although absolute values for the results of two tests may not have been in complete agreement, the inverse relationship between them was strong. The lack of significant correlation between motility score and mitochondrial fluorescence (%GO may have been due to low variation among the motility scores.
The results of the viability evaluations indicate that milk was a more hospitable incubation medium than egg yolk-citrate for maintaining mitochondrial function postthaw, and cell membrane integrity was best preserved during incubation by egg yolk-citrate. Because optimal maintenance of cell membrane integrity and mitochondrial function of the sperm are presumably desirable, these results suggest that an extender combining the attributes of milk and egg yok-citrate would best serve both purposes. However, the incubation of semen in extender treatments other than M-M may have induced the manifestation of latent mitochondrial damage, i.e., that which was not apparent immediately postthaw. From this point of view, milk extender would be desirable if use of the other extenders actually resulted in greater latent damage to mitochondrial function, and thus motility potential, than was apparent by immediate postthaw evaluation of motility or %Gf. This remains to be determined.
coNcLusloNs
Optimal protection of sperm cell membrane integrity, mitochondrial function, and chromatin quality should be primary considerations when selecting an extender for cryopreservation of sperm. The results of this initial study show that sperm chromatin structure and cell membrane integrity evaluation were consistent in demonstrating the potential benefit of extender containing egg yolk-citrate to these s e men quality traits. The results of postthaw motility evaluation and rhodamine 123-propidium iodide staining after 180 min of incubation demonstrated the likely benefit of potential for sperm motility imparted by extenders containing milk It is not clear why sperm cryopreserved in milk versus egg yolkcitrate differed for chromatin structure, cell membrane integrity, and maintenance of mitochondrial function. Differences in composition between the extender components may have been a possible cause. Milk and egg yolk differ in levels of minerals, vitamins, lipid, and amino acids (24). Differences may also have stemmed from the sequence in which the different components were combined with raw semen. Because the extender treatments in the present study appeared to have beneficial effects on different aspects of postthaw semen quality, perhaps the general lack of published differences in fertility between milk and egg yolk-citrate extenders (12, 29) may have been due to the beneficial effects of each extender being canceled by their individual deuimental effects on some other aspect or aspects of semen quality. The results of this preliminary study indicate that further, larger scale investigations of extender effects on semen quality traits should be conducted in conjunction with fertility trials. Better understanding of extender effects on semen quality may result in enhanced postthaw semen quality through modified semen processing and cryopreservation techniques.
